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点，逐渐成为激光二极管泵浦固体激光器的一个研究热点。本文首次采用 885 nm 
LD 作为泵浦源直接泵浦 Cr,Nd:YAG/KTP 实现了腔内倍频自调 Q 小型化激光器
的绿光脉冲输出。 
本论文从理论上讨论了非线性晶体的二次谐波理论和被动调 Q 技术，总结
影响腔内倍频自调 Q 激光器倍频转换效率的因素。利用修正的腔内倍频自调 Q
激光器速率方程，在理论分析、计算腔内损耗、倍频晶体长度、谐振腔长度及泵
浦光斑半径等参数对腔内倍频自调 Q 激光器输出脉冲特性的影响基础上，指导
Cr,Nd:YAG/KTP 腔内倍频自调 Q 绿光激光器的优化参数设计。 
采用端面泵浦方式及平-平腔结构，在室温条件下，进行了 885 nm LD 直接
泵浦 Cr,Nd:YAG/KTP 腔内倍频自调 Q 小型化绿光激光器的实验研究。在谐振腔
长度为 11 mm 的条件下，当吸收泵浦光功率为 3.14 W 时，获得 277 mW 的绿光
输出，斜率效率 10.45%，相应的光-光转换效率为 8.8%，脉冲宽度 10.5 ns，脉
冲能量 11.6 μJ，重复频率 24 kHz，峰值功率 1.1 KW。在泵浦功率较高时，绿光
光束仍能保持基横模输出，脉冲序列也能保持比较好的稳定性。这是首次采用
885 nm LD 直接泵浦 Cr,Nd:YAG/KTP 腔内倍频自调 Q 激光器，也是腔长最短的
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Laser diode (LD) pumped passively Q-switched solid-state lasers are 
all-solid-state, compact, high-efficiency laser sources. Intracavity frequency doubled 
technology fully use the high intensity in the laser resonator to achieve efficient 
frequency doubled output. passively Q-switched intracavity frequency doubled 
solid-state green laser can generate stable green laser pulses with high peak power, 
high repetition rate and short pulse width. The other advantages of intracavity 
frequency doubled passively Q-switched lasers such as high beam quality, reliable 
operation, compactness and durable make them potential applications in precision 
machining, laser display, laser projector, under-water optical communication, ocean 
exploration and other fields. The direct pump technology with high quantum 
efficiency and less heat generation, has attracted a lot of attentions in laser-diode 
pumpe solid-state lasers. In this paper, using 885 nm LD as pump source, resonant 
pumped Cr,Nd:YAG/KTP intracavity frequency doubled self-Q-switched green laser 
has been demonstrated for the first time. 
According to the nonlinear second harmonic theory and passively Q-switched 
laser theory, the factors that affect the frequency conversion efficiency in intracavity 
frequency doubled self-Q-switched laser were addressed. The effects of cavity loss, 
the length of the nonlinear crystal, the cavity length and pump beam radius on the 
output laser pulse characteristics of intracavity frequency doubled Cr,Nd:YAG/KTP 
were investigated by adopting the intracavity frequency doubled self-Q-switched rate 
equations. The guideline for designing of Cr, Nd: YAG/KTP intracavity frequency 
doubled self- Q-switched green laser was outlined. 
By adopting end-pumping and plane-parallel miniature laser cavity, 885 nm 
laser-diode direct pumped Cr,Nd:YAG/KTP intracavity frequency doubled miniature 
green laser was at room temperature. When the cavity length was set to 11 mm, 
average output power of 277 mW was obtained at the absorbed pump power of 3.14 
W. The corresponding optical-to-optical efficiency of 8.8% was achieved. Slope 
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ns, repetition rate of 24 kHz and peak power over 1.1 kW were obtained. The green 
laser beam profile was kept to the fundamental transverse mode even at high pump 
power levels. And the stable output pulse trains were obtained. It is the the first time 
that resonant pumped Cr,Nd:YAG/KTP intracavity frequency doubled 
self-Q-switched green laser has been demonstrated by using a 885 nm LD as pump 
source. And the highest peak power were obtained in this miniature intracavity 
frequency doubled Cr,Nd:YAG/KTP self-Q-switched laser. 
The characteristics of intracavity frequency doubled self-Q-switched green laser 
have been investigated numerically based on the modified rate equations. The 
numerically calculated laser pulse characteristics of intracavity frequency doubled 
Cr,Nd:YAG/KTP miniature green lasers were in good agreement with the 
experimental results. Furthermore, the effects of the pump beam radius, the cavity 
length, the length of the KTP crystal on the output green laser pulse characteristics 
have been investigated numerically. The optimized parameters for designing highly 
efficient Cr,Nd:YAG/KTP intracavity frequency doubled miniature green lasers were 
obtained and were useful for practice laser design.  
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R.Newman 第一个提出了 LD 泵浦固体激光器的思想，随后他用 GaAs 发光二极
管泵浦掺钕离子钨酸钙晶体(Nd3+:CaWO4)，发出了 1064 nm 的受激荧光[2]。1964
年，美国 MIT 林肯实验室的 Keyes 和 Quist 研制成功了第一台 LD 泵浦的固体激
光器[3]，其激光工作物质为 U3+:GaF2，输出激光波长 2613 nm，尽管当时激光阈
值较高、输出功率很低，但使人们意识到并相信 LD 泵浦将具有更高的效率。同
时 Keyes 和 Quist 也肯定了 GaAs 激光二极管将是 Nd3+离子激光器较理想的泵浦
源，并且此类器件的高效率，将极大改善高功率器件中热效应的影响。Nd:YAG
晶体得到运用是从 1968 年开始的，这一年麦道航空公司的 Ross 制造了第一台
GaAs 激光二极管横向泵浦的 Nd:YAG 激光器[4]，但条件比较苛刻，要求 LD 被
冷却到 170 K 以下，由于 LD 低温冷却的要求以及输出功率的限制使之无法实现


















难以在室温下运转等技术上的限制，使得 DPSSL 在整个 70 年代因 LD 泵浦源本
身的问题没有太大的进展。当时 DPSSL 的最高输出功率只有几十毫瓦，并且大
部分是用 GaAs LD 泵浦 Nd:YAG 晶体得到的。此间虽然问题重重，但研究人员
对全固态激光器的研究热情并没有消减，这一阶段也取得了不错的研究成果：
Osermayer 等人首次在室温条件下实现了 DPSSL 的连续运转，而且工作物质是
Nd:YAG 晶体[5, 6]；接着相继出现了端面泵浦和侧面泵浦两种泵浦方式，1972 年
和 1973 年，Barnes 和 Rosenkrantz 分别对侧面泵浦和端面泵浦进行了研究，并给
出了这两种泵浦方式下 Nd:YAG 激光器的阈值和斜率的表达式[7, 8]。 







用于固态激光器中[9]。高功率、高效率的 LD 的发展促使全固态激光器在 80 年代
末期迈上了一个新台阶，同时也带动了非线性频率变换技术及 LD 泵浦技术的发




本大幅度下降，致使 DPSSL 得以飞速发展。LD 光束整形技术的发展，为将高功
率 LD 耦合进光纤传输，光纤输出后再对增益介质进行更有效的泵浦创造了有利
条件，所以高功率 LD 泵浦固体激光器有了很大进展，其标志性的事件是 1992
年美国劳伦斯-利弗莫尔实验室成功研制了一小体积的千瓦级的高功率二极管泵
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